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19.1. Introduction

A brake is a device by means of which artificial
frictional resistance is applied to a moving machine member,
inorder toretard or stop the motion of amachine. Inthe process
of performing this function, the brake absorbs either kinetic
energy of the moving member or potential energy given up by
objects being lowered by hoists, elevators etc. The energy
absorbed by brakesis dissipated in the form of heat. This heat
isdissipated inthe surrounding air (or water whichiscirculated
through the passages in the brake drum) so that excessive
heating of the brake lining does not take place. The capacity of
abrake depends upon the following factors :

1. The unit pressure between the braking surfaces,

2. The coefficient of friction between the braking
surfaces,

3. The peripheral velocity of the brake drum,

4. The projected area of the friction surfaces, and

5. The ability of the brake to dissipate heat equivalent
to the energy being absorbed.

Themajor functional difference between aclutch and
abrakeisthat aclutch is used to keep the driving and driven
member moving together, whereas brakes are used to stop a
moving member or to control its speed.

19.2. Materials for Brake Lining

The material used for the brakelining should have the
following characteristics:
732
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cient of friction should remain constant with change in temperature.

OO WN

thefollowing table.

. It should have low wear rate.

. It should have high heat resistance.
. It should have high heat dissipation capacity.
. It should have adequate mechanical strength.
. It should not be affected by moisture and oil.
The materialscommonly used for facing or lining of brakesand their propertiesare shownin

. It should have high coefficient of friction with minimum fading. In other words, the coeffi-

Table 19.1. Properties of materials for brake lining.

Coefficient of friction (L) Allowable

Material for braking lining pressure(p)
Dry Greasy Lubricated N/mm?

Cast iron on cast iron 0.15-0.2 0.06 —0.10 0.05-0.10 1.0-1.75
Bronze on cast iron - 0.05-0.10 0.05-0.10 0.56 - 0.84
Steel on cast iron 0.20-0.30 0.07-0.12 0.06 —0.10 0.84-1.40
Wood on cast iron 0.20-0.35 0.08-0.12 - 0.40 - 0.62
Fibre on metal - 0.10-0.20 - 0.07-0.28
Cork on metal 0.35 0.25-0.30 0.22-0.25 0.05-0.10
Leather on metal 0.30-0.5 0.15-0.20 0.12-0.15 0.07-0.28
Wire asbestos on metal 0.35-0.5 0.25-0.30 0.20-0.25 0.20-0.55
Asbestos blocks on metal 0.40-0.48 0.25-0.30 - 028-1.1
Asbestos on metal (Short - - 0.20-0.25 14-21
action)
Metal on cast iron (Short - - 0.05-0.10 14-21
action)

19.3. Types of Brakes

The brakes, according to the means used for transforming the energy by thebraking elements,
areclassified as:

1. Hydraulic brakese.g. pumpsor hydrodynamic brake
and fluid agitator,

2. Electric brakes e.g. generators and eddy current
brakes, and

3. Mechanical brakes.

The hydraulic and electric brakes cannot bring the
member to rest and are mostly used where large amounts of
energy are to be transformed while the brake is retarding the
load such asin laboratory dynamometers, high way trucks and
electric locomotives. These brakes are also used for retarding
or controlling the speed of avehicle for down-hill travel.

The mechanical brakes, according to the direction of
acting force, may be divided into the following two groups :

(a) Radial brakes. In these brakes, the force acting on
the brake drumisin radial direction. Theradial brakes may be

Simple bicycle brakes.
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sub-divided into external brakes and internal brakes. According to the shape of the friction ele-
ments, these brakes may be block or shoe brakes and band brakes.
(b) Axial brakes. Inthese brakes, theforce acting on the brake drumisin axial direction. The
axial brakes may be disc brakes and cone brakes. The analysis of these brakesis similar to clutches.
Since we are concerned with only mechanical brakes, therefore, these are discussed, in detail,
in the following pages.

19.4. Single Block or Shoe Brake

A single block or shoe brake is shown in Fig. 19.1. It consists of ablock or shoe which is
pressed against the rim of arevolving brake wheel drum. The block ismade of a softer material than
the rim of the wheel. This type of a brake is commonly used on railway trains and tram cars. The
friction between the block and the wheel causes atangential braking forceto act on thewheel, which
retard the rotation of the wheel. The block is pressed against the wheel by aforce applied to one end
of alever to which the block is rigidly fixed as shown in Fig. 19.1. The other end of the lever is
pivoted on afixed fulcrum O.

- ! > I >

-

(a) Clockwise rotation of brake wheel (b) Anticlockwise rotation of brake wheel.
Fig. 19.1. Singleblock brake. Line of action of tangential force passes through the fulcrum of the lever.

Let P = Force applied at the end of the lever,
R,= Normal force pressing the brake block on the wheel,
r = Radius of the wheel,
20 = Angle of contact surface of the block,
W = Coefficient of friction, and
F; = Tangential braking force or the frictional force acting at the contact
surface of the block and the wheel.
If the angle of contact islessthan 60°, then it may

be assumed that the normal pressure between the block and 3
thewhesdl isuniform. In such cases, tangential braking force -‘""f?\r‘

onthewhesl, "1-.-1 [
F = p.R (I) ﬁ“x WL
t N -
andthe braking torque, T, =Fur = WR.r .. (i) . ||f' L ® -
L et us now consider the following three cases : f Tl
Case 1. When theline of action of tangential brak- : L
ing force (F; ) passes through the fulcrum O of the lever, - -

and the brakewheel rotates clockwise asshownin Fig. 19.1
(&), then for equilibrium, taking moments about thefulcrum
O, we have

Ry xx=Px| or Ry = PxI When brakes are on, the pads grip the
] wheel rim from either side, friction
0 Braking torque, between the pads and the rim converts
Pl Plr 's kineti i
Ty = LRyF =px  xr = H the cycle's kinetic energy into heat as
X

X they reduce its speed.
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It may be noted that when the brake wheel rotates anticlockwise as shown in Fig. 19.1 (b),
then the braking torqueis same, i.e.

T, =Ry = W.Plr

X

Case2. Whentheline of action of thetangential braking force (F; ) passesthrough adistance
‘a below the fulcrum O, and the brake wheel rotates clockwise as shown in Fig. 19.2 (a), then for
equilibrium, taking moments about the fulcrum O,

Pl
Ryxx+Fxa=Pl o Ryxx+uR xa=Pl or RN:x+p.a
W.p.l.r
i Tg = PRy I =
and braking torque, B — MRy X+ 12
I ' |
— X —— I
(0]
A P
Rigidly
mounted
block
(8 Clockwise rotation of brake wheel. (b) Anticlockwise rotation of brake wheel.

Fig. 19.2. Single block brake. Line of action of Ft passes below the fulcrum.
When the brake wheel rotates anticlockwise, as shown in Fig. 19.2 (b), then for equilibrium,

Ryx=Pl+F.a=Pl+puR.a (D)
Pl
or Ry (x—pa) =Pl or Ry = x—pa
_WPLr

and braking torque, Tg =Ry I =

X—pa

Case3. Whentheline of action of thetangential braking force (F; ) passesthrough adistance

‘a above the fulcrum O, and the brake wheel rotates clockwise as shown in Fig. 19.3 (@), then for
equilibrium, taking moments about the fulcrum O, we have

Ryx=Pl+F.a=Pl+uR.a .. (i0)
Pl
or Ry (x—p.a) =Pl or Ry= X—
< I >
— X —|
| I
- K 2R/t P
Ry v o) f
of t [a™ P
(a) Clockwise rotation of brake wheel. (b) Anticlockwise rotation of brake wheel.

Fig. 19.3. Single block brake. Line of action of F passes above the fulcrum.

wPLr
X-Ha

and braking torque, T =R .r=
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When the brake wheel rotates anticlockwise as shown in Fig. 19.3 (b), then for equilibrium,
taking moments about the fulcrum O, we have

Pl

Ryxx+Fxa=Pl o Ry xx+uR xa=Pl or RN:x+p.a
 brakd T LR r= W.P.Lr
and braking torque, g = M N'r_x+u.a

Notes: 1. From above we see that when the brake wheel rotates anticlockwisein case 2 [Fig. 19.2 (b)] and when
it rotates clockwise in case 3 [Fig. 19.3 ()], the equations (i) and (ii) are same, i.e.
Ry*x=Pl+uRa
From thiswe see that
the moment of frictional force
(L.Ry.@) adds to the moment
of force (P.l). In other words,
the frictional force helps to
apply the brake. Such type of
brakes are said to be self ener-
gizing brakes. When the fric-
tional force is great enough to
apply the brake with no exter-
nal force, thenthe brakeissaid
to be self-locking brake.
From the above ex-
pression, we see that if
X < W.a, then Pwill be negative or equal to zero. This means no external forceis needed to apply the brake and
hence the brake is self locking. Therefore the condition for the brake to be self locking is
X< pa
The self locking brake is used only in back-stop applications.
2. The brake should be self energizing and not the self locking.
3. Inorder to avoid self locking and to prevent the brake from grabbing, x is kept greater than 1 . a.
4. If A, isthe projected bearing area of the block or shoe, then the bearing pressure on the shoe,
Po=Ry/ Ay
We know that A, = Width of shoe x Projected length of shoe = w(2r sin0)
5. When a single block or shoe brake is applied to arolling wheel, an additional load is thrown on the
shaft bearings due to heavy normal force (R) and produces bending of the shaft.
In order to overcome this drawback, a double block or shoe brake is used, as discussed in Art. 19.6.

19.5. Pivoted Block or Shoe Brake
We have discussed in the previous article that when the angle of contact islessthan 60°, then
it may be assumed that the normal pressure between the block and the wheel is uniform. But
when the angle of contact is greater than 60°, then the unit [ / »]
pressure normal to the surface of contact is less at the ends X
than at the centre. In such cases, the block or shoeis pivoted —--L-=
£

Shoe brakes of a racing car

to the lever, as shown in Fig. 19.4, instead of being rigidly

attached to the lever. This gives uniform wear of the brake P

lining in the direction of the applied force. The braking torque Eli(\)lglt(ec?r <hoo

for a pivoted block or shoe brake (i.e. when 29 > 60°) is

given by T, =F xr =|Rr Fig. 19.4. Pivoted block or shoe brake.
, . . .. 4usinB

where W' = Equivalent coefficient of friction = 26+sn20" and

p = Actual coefficient of friction.
These brakes have more life and may provide a higher braking torque.
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Example19.1. Asingleblock brakeisshownin Fig. 19.5.

The diameter of the drumis 250 mm and the angle of contact is <+—200—+=——250—

90°. If the operating force of 700 N isapplied at the end of a lever
and the coefficient of friction between thedrumand theliningis 5 T =
0.35, determine the torque that may be transmitted by the block 6&7\ + Ry !

\
700N

brake. 2937%
x_ |12
Solution. Given: d=250mmor r =125mm; 26 =90°
=T/2rad;P=700N ; p=0.35 All dimensionsin mm.
Since the angle of contact is greater than 60°, therefore Fig. 19.5
equivalent coefficient of friction,
' 4usin® _4x0.35 xsin45° 0.385
20+sin20 T2 +sn90°
Let Ry = Normal force pressing the block to the brake drum, and
F, = Tangential braking force= MRy
Taking moments about the fulcrum O, we have
700(250+200) + F; x50 =Ry %200 :it, x200 = R X200 =520 K
V) 0.385
or 520 F, —50F, =700 x 450 or F, =700 x 450/470 =670 N
We know that torque transmitted by the block brake,
Ty =F, xr=670x 125 =8 3750 N-mm = 83.75N-m Ans.
Example 19.2. Fig. 19.6 shows a brake shoe
applied to a drum by a lever AB whichis _ 600 N
pivoted at a fixed point A and rigidly fixed to the shoe.
The radius of the drumis 160 mm. The coefficient of "
friction at the brake lining is 0.3. If the drum rotates 160 mm
clockwise, find the braking torque due to the horizon-
tal force of 600 N at B. 20°
Solution. Given : r = 160 mm = 0.16 m ; -
L=0.3:P=600N *
Since the angle subtended by the shoe at the 350 mm /
centre of drum is 40°, therefore we need not to cal cu- AL 200
late the equivalent coefficient of friction M. _ mm
Let Ry = Normal force pressing the A
block to the brake drum, and Fig. 196

F; = Tangential braking force = uL.R,
Taking moments about point A,
Ry % 350 + F; (200 — 160) = 600 (400 + 350)

F
0.3 <350 +40F; =600X750 or 1207 Fy = 450 x 103

0 Fi = 450 x 1031207 = 372.8 N
We know that braking torque,
Tg=F xr=3728x0.16 = 59.6 N-m Ans.
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Example 19.3. A bicycle and rider of mass 100 kg are travelling at the rate of 16 km/h on a
level road. A brake is applied to the rear wheel which is 0.9 m in diameter and this is the only
resistance acting. How far will the bicycle travel and how many turnswill it make before it comesto
rest ? The pressure applied on the brake is 100 N and p = 0.05.

Solution. Given: m=100kg,v=16km/h=444m/s;D=09m; R =100N ; u=0.05
Distance travelled by the bicycle before it comesto rest

Let x = Distance travelled (in metres) by the bicycle before it comesto rest.

We know that tangential braking force acting at the point of contact of the brake and wheel,

F=WnR,=005x100=5N
and work done =Fxx=5 xx=5N-m

We know that kinetic energy of the bicycle

_ mv? _100(4.44)

2 2
= 986N-m .. (i)

In order to bring the bicycle to rest, the work done
against friction must be equal to kinetic energy of the bi-
cycle. Therefore equating equations (i) and (ii),

5x =986 or x=986/5=197.2m Ans.
Number of revolutions made by the bicycle before it
comesto rest

Let N = Required number of revolutions.

We know that distance travelled by the bicycle (x), Shoe brake.
197.2=nDN =T1>0.9N =2.83N

0 N=197.2/2.83=70Ans.

Example 19.4. A braking system has its braking lever inclined at an angle of 30° to the
horizontal plane, as shown in Fig. 19.7. The mass and diameter of the brake drum are 218 kg and
0.54 mrespectively.

Fig. 19.7

At theinstant the lever is pressed on the brake drumwith a vertical force of 600 N, the drum
isfound to rotate at 2400 r.p.m. clockwise. The coefficient of friction between the brake shoe and the
brake drumis 0.4. Assume that the lever and brake shoe are perfectly rigid and possess negligible
weight. Find :
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1. Braking torque, 2. Number of revolutions the drum will make before coming to rest from
the instant of pressing the lever, and 3. Time taken for the drum to come to rest from the instant of
pressing the lever.

Solution. Given: m=218kg; d=0.54m or r=0.27m; P=600N ; N =2400r.p.m,;
p=0.4
1. Braking torque
Let R, = Normal force pressing the block to the brake drum, and
F; = Tangential braking force.

The various forces acting on the braking system are shown in Fig. 19.8.

Brake drum
600 cos30°

Fig. 19.8
Taking moments about the fulcrum O,

600cos30° x1.2=R;x04 or 6235=04R

0 Ry = 623.5/0.4=1560 N
and F =R =0.4x1560 =624 N
We know that braking torque,

Tg= F xr=624x0.27=1685N-mAns.

2. Number of revolutions the drum will make before coming to rest

Let n = Required number of revolutions.
We know that kinetic energy of the brake drum

2 2
mv? _ 2180rd.NCf :10% 054 >0400° |
2 2Heo O

=502 x 108 N-m ()
and work done by the brake drum due to braking torque
= Tg x21mn =168.5 x2 m =1060n N-m .. (i)

Sincethekinetic energy of the brake drum is used to overcome the work done dueto braking
torque, therefore equating equations (i) and (ii),
n =502 x 10%1060 = 474 Ans.
3. Time taken for the drum to come to rest

We know that time taken for the drum to cometo rest i.e. time required for 474 revolutions,
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19.6. Double Block or Shoe Brake

When asingle block brakeis applied to arolling wheel, an additional load isthrown on the

shaft bearings due to the normal force (R,). This produces
bending of the shaft. In order to overcomethisdrawback, adouble
block or shoe brake, asshownin Fig. 19.9, isused. It consists of
two brake blocks applied at the opposite ends of a diameter of
the wheel which eliminate or reduces the unbalanced force on
the shaft. The brakeis set by a spring which pullsthe upper ends
of the brake arms together. When aforce Pis applied to the bell
crank lever, the spring is compressed and the brake is released.
Thistype of brake is often used on electric cranes and the force
Pisproduced by an el ectromagnet or solenoid. When the current
is switched off, there is no force on the bell crank lever and the
brake is engaged automatically due to the spring force and thus
there will be no downward movement of the load.

In a double block brake, the braking action is doubled
by the use of two blocks and these blocks may be operated
practically by the same force which will operate one. In case of
double block or shoe brake, the braking torqueis given by

Te=(Fu+F)r
where F, and F, are the braking forces on the two blocks.

Example 19.5. A double shoe brake, as shown in Fig. 19.10,
is capable of absorbing a torque of 1400 N-m. The diameter of the
brake drumis 350 mm and the angle of contact for each shoeis 100°.
If the coefficient of friction between the brake drum and lining is
0.4 ; find 1. the spring force necessary to set the brake ; and 2. the
width of the brake shoes, if the bearing pressure on the lining

material is not to exceed 0.3 N/mn?.

Solution. Given: T, = 1400 N-m = 1400 x 10% N-mm;
d=350mmorr=175mm; 26 =100° =100 x 11/180=1.75 rad;
u=04;p,=0.3 N/mm?

1. Spring force necessary to set the brake

Let S = Spring force necessary to
set the brake.
Ry; ad F; = Normal reaction and the
braking force on the right
hand side shoe, and

Ry, and F, = Corresponding values on
the left hand side shoe.

Since the angle of contact is greater than
60°, therefore equivalent coefficient of friction,

4usin® _ 4x0.4xsin50 045

1 —

Bell crank
lever

Fulcrum

. P
Spring
SR
-5
201 N-Block or
shoe

Fig. 19.9. Double block or shoe
brake.

40 40
All dimensionsin mm.
Fig. 19.10

© 20+sin20  1.75+sin100° Brakes on a railway coach.
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Taking moments about the fulcrum O,, we have

Sx 450 = Ry, %200 +F, (175 —40) :% x200 +F, X35 =579.4F,

o %ubstituting Ru1 :i}g
0 WO
O Ftl =Sx450/579.4=0.776 S

Again taking moments about O,, we have

Sx 450+ F,,(175-40) =Ry, %200 :% x200 =444.4F,,
o %ubstituting Ry = Ft?E
U Ko
4444 F, —135F,=Sx 450 or 309.4F,=Sx 450

O Fr, =Sx450/309.4=1454S
We know that torque capacity of the brake (Tj),

1400 x 10° = (F, + Fy,) 1= (0.776 S+ 1.454 S) 175=390.25 S

O S=1400 x 10%/390.25 = 3587 N Ans.
2. Width of the brake shoes
Let b = Width of the brake shoesin mm.

We know that projected bearing area for one shoe,
A, =b(2rsin6) =b(2 x175sin50 =268b mm?

Normal force on the right hand side of the shoe,
_Fy _0.776xS _0.776%3587

== =6186 N
V) 0.45 0.45
and normal force on the left hand side of the shoe,
Ry, = Ft,z _1454xS _ 1.454 x3587 ~11590N

o 045 0.45

We see that the maximum normal forceison theleft hand side of the shoe. Therefore we shall
find the width of the shoe for the maximum normal forcei.e. Ry.
We know that the bearing pressure on the lining material ( p,),

0= Ruz _11590 _4325

A, 268b b
O b=43.25/0.3=144.2 mm Ans.

19.7. Simple Band Brake

A band brake consists of a flexible band of |eather, one or more ropes,or a steel lined with
friction material, which embracesapart of the circumference of the drum. A band brake, asshownin
Fig. 19.11, is called a simple band brake in which one end of the band is attached to a fixed pin or
fulcrum of the lever while the other end is attached to the lever at a distance b from the fulcrum.

When aforce Pisapplied to thelever at C, thelever turns about the fulcrum pin O and tightens
the band on the drum and hence the brakes are applied. The friction between the band and the drum
provides the braking force. The force P on the lever at C may be determined as discussed below :

Let T, = Tension in the tight side of the band,
T, =Tension in the slack side of the band,
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0 = Angle of lap (or embrace) of the band on the drum,

p = Coefficient of friction between the band and the drum,
r = Radius of the drum,

t = Thickness of the band, and

t
re= Effectiveradiusof thedrum=r+ 2

Bands of a brake shown separately

TR
b P

>
o ®B C

Brake drum

Shaft
Band

(8) Clockwise rotation of drum. (b) Anticlockwise rotation of drum.
Fig. 19.11. Simple band brake.
We know that limiting ratio of the tensionsis given by the relation,

% = or 2.3log é’.%@: ;)

and braking forceonthedrum=T,-T,
O Braking torque on the drum,

Tg=(T,=-Ty)r . . . (Neglecting thickness of band)

=(T,=-T)r, . . . (Considering thickness of band)

Now considering the equilibrium of the lever OBC. It may be noted that when the drum

rotates in the clockwise direction, as shown in Fig. 19.11 (@), the end of the band attached to the

fulcrum O will be slack with tension T, and end of the band attached to B will betight withtension T,.

On the other hand, when the drum rotates in the anticlockwise direction, as shown in Fig. 19.11 (b),

the tensions in the band will reverse, i.e. the end of the band attached to the fulcrum O will be tight

with tension T, and the end of the band attached to B will be slack with tension T,. Now taking
moments about the fulcrum O, we have

PI=T.b . . . (For clockwise rotation of the drum)

and PI=T,b . .. (For anticlockwise rotation of the drum)
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where | = Length of the lever from the fulcrum (OC), and

b = Perpendicular distance from O to theline of actionof T, or T,
Notes : 1. When the brake band is attached to the lever, as shown in Fig. 19.11 (a) and (b), then the force (P)
must act in the upward direction in order to tighten the band on the drum.

2. If the permissible tensile stress ( 0 ) for the material of the band isknown, then maximum tension in
the band is given by

T,= owt
where w = Width of the band, and
t = thickness of the band.

Example 19.6. A band brake acts on the 3/4th of circumference of a drum of 450 mm diam-
eter which is keyed to the shaft. The band brake provides a braking torque of 225 N-m. One end of
the band isattached to a fulcrum pin of the lever and the other end to a pin 100 mmfromthe fulcrum.
If the operating force is applied at 500 mm from the fulcrum and the coefficient of friction is 0.25,
find the operating force when the drumrotatesin the (a) anticlockwise direction, and (b) clockwise
direction.

Solution. Given: d=450mmor r=225mm=0.225m; Ty =225N-m; b= 0B = 100 mm
=01m;I=500mm=05m; u=0.25

Let P = Operating force.
(a) Operating force when drum rotates in anticlockwise
direction

The band brake is shown in Fig. 19.11. Since one
end of the band is attached to the fulcrum at O, thereforethe
operating force P will act upward and when the drum ro-
tates anticlockwise, as shown in Fig. 19.11 (b), the end of
the band attached to O will betight with tension T, and the
end of the band attached to B will be slack with tension T,.
First of dl, let usfind thetensions T, and T,,.

We know that angle of wrap,

Drums for band brakes.

:%th of circumference = % x360° =270°

=270x 10180 =4.713 rad

O
and 2.3log %%D: 16 =0.25x%x4.713 =1.178
a0
O T .
0 |ogDT1 D:% =05123 or -+ =3.253 ()
o0 23 T

... (Taking antilog of 0.5123)
We know that braking torque (T),
225=(T,-T)r=(T,-T,) 0.225

0 T,-T,=225/0.225=1000 N (i)
From equations (i) and (ii), we have
T,=1444N; and T,=444N
Now taking moments about the fulcrum O, we have
PxI=T,b or Px05=444%x01=44.4
0 P=444/05=88.8N Ans.
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(b) Operating force when drum rotates in clockwise direction

When the drum rotates in clockwise direction, as shown in Fig.19.11 (a), then taking mo-
ments about the fulcrum O, we have
PxI=T.b or Px05=1444%x0.1=1444
O P=1444/05=288.8N Ans.
Example 19.7. The simple band brake, as shown in Fig. 19.12, isapplied to a shaft carrying
a flywheel of mass 400 kg. The radius of gyration of the flywheel is 450 mmand runs at 300 r.p.m.

If the coefficient of friction is 0.2 and the brake drum 120 -><——300__>|
diameter is 240 mm, find : A 0 c
1. thetorque applied due to a hand load of 100 N, 4 | Ty l
2. thenumber of turns of the wheel beforeit isbrought to TQA 100N
rest, and 1 e0°
3. thetimerequiredto bringittorest, fromthe moment of 0
the application of the brake. \-!-/9 /
Solution. Given: m=400kg; k=450 mm = 0.45m;
N =300 r.p.m. or (y=21x300/60 = 31l.42rad/s; p=0.2; «— 240 —»
d=240mm=0.24morr=0.12m All dimensionsin mm.
Fig. 19.12

1. Torque applied due to hand load

First of all, let us find the tensions in the tight and slack sides of the band i.e. T, and T,
respectively.
From the geometry of the Fig. 19.12, angle of lap of the band on the drum,

6 =360°-150° =210° =210 x— - =3.666 rad
180
We know that

2.3log %%S: p.6 =0.2 x3.666 =0.7332
a0

0 T
log ar, o= 0.7332 -03188 or -L1=208 (@)

0 2.3 T,

... (Taking antilog of 0.3188)
Taking moments about the fulcrum O,
T, x 120 =100 x 300 = 30 000 or T,=30000/120=250N
O T,=2.08T,=2.08x250=520N ... [From equation (i)]
We know that torque applied,
Tg=(T,=T,)r= (520-250) 0.12 = 32.4 N-m Ans.
2. Number of turns of the wheel before it is brought to rest
Let n = Number of turns of the wheel before it is brought to rest.

We know that kinetic energy of rotation of the drum
= % x|.of :% xmk?. 63 =% x400(0.45)? (31.42)% = 40 000 N-m

Thisenergy is used to overcome the work done due to the braking torque (Tpg).
O 40000=Tg x 2mn =324 x 21n =203.6 n
or n=40000/203.6 = 196.5 Ans.
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3. Time required to bring the wheel to rest

We know that the time required to bring the wheel to rest

=n/N=196.5/300=0.655min=39.3sAns.

Example 19.8. A simple band brake operates on a drum of 600 mm in diameter that is
running at 200 r.p.m. The coefficient of friction is 0.25. The brake band has a contact of 270°, one
end is fastened to a fixed pin and the other end to the brake arm 125 mm from the fixed pin. The
straight brake armis 750 mmlong and placed perpendicular to the diameter that bisectsthe angle of
contact.

1. What is the pull necessary on the end of the brake —>{125|«— P
armto stop the wheel if 35 kW is being absorbed ? What is the | Plg
direction for this minimum pull ? ar

2. What width of steel band of 2.5 mmthick isrequired
for this brake if the maximum tensile stress is not to exceed
50 N/mm??

Solution. Given : d = 600 mm or r = 300 mm ;
N=200r.p.m.;u=0.25; 6 =270°=270x 1/180 =4.713rad;
Power =35 kW =35 x 103 W ; t=25mm; ¢ =50 N/mm?
1. Pull necessary on the end of the brake arm to stop the wheel

Let P = Pull necessary on the end of the brake arm to

stop the wheel.

The simple band brake is shown in Fig. 19.13. Since one end of the band is attached to the
fixed pin O, therefore the pull P on the end of the brake arm will act upward and when the wheel
rotates anticlockwise, the end of the band attached to O will betight with tension T, and the end of the
band attached to B will be slack with tension T.,. First of all, let usfind the tensions T, and T,. We
know that

All dimensionsin mm
Fig. 19.13

2.3log Ellli%: pn0 =0.25x4.713 =1.178
a0

O log h E: % =0.5122 or L =3.25 ...(Taking antilog of 0.5122) ... (i)
oo 23 T
Let Tg = Braking torque.
We know that power absorbed,
35x10° = 21t xN.Tp _ 211X200 X 21T,
60 60
O Ty =35x10°/ 21 =1667 N-m =1667 x10° N-mm
We also know that braking torque (T ),
1667 x 103=(T,—T,) r =(T,-T,) 300
O T,—T,=1167 x 10%300 = 5556 N (i)

From equations (i) and (ii), we find that
T,=8025N; and T,=2469N
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Now taking moments about O, we have

Px750=T,x *OD =T, x 62.5+/2 = 2469 x 88.4 = 218 260

O P=218260/ 750 =291 N Ans.
2. Width of steel band
Let w = Width of steel band in mm.

We know that maximum tension in the band (T,),
8025= owt =50xw x25=125w
O w=38025/125 = 64.2 mm Ans.

19.8. Differential Band Brake

In adifferential band brake, as shown in Fig. 19.14, the ends of the band are joined at A and
B toalever AOC pivoted on afixed pin or fulcrum O. It may be noted that for the band to tighten, the
length OA must be greater than the length OB.

P
/ >
C
. -Band . . .
(&) Clockwise rotation of the drum. (8) Anticlockwise rotation of the drum.

Fig. 19.14. Differential band brake.
The braking torque on the drum may be obtained
inthesimilar way asdiscussed in simpleband brake. Now
considering the equilibrium of the lever AOC. It may be
noted that when the drum rotatesin the clockwise direc-
tion, as shown in Fig. 19.14 (a), the end of the band
attached to A will beslack with tension T, and end of the
band attached to B will be tight with tension T,. On the
other hand, when the drum rotates in the anticlockwise
direction, asshownin Fig. 19.14 (b), the end of the band
attached to A will betight with tension T, and end of the
band attached to B will be slack with tension T,. Now
taking moments about the fulcrum O, we have

Pl +T,b=T,a
... (For clockwise rotation of the drum)

Tractors are specially made to move on
rough terrain and exert high power at

or Pl=T,a-T.b . () low speeds.

and Pl + T2_b = Tl_a Note : This picture is given as additional

information and is not a direct example of the

... (For anticlockwise rotation of the drum )
current chapter.

or PI=T,.a-T,b .. (i)

* OD = Perpendicular distance from O to the line of action of tension T,
OE = EB = 0OB/2 = 125/2 = 62.5 mm, and ODOE = 45°

0 OD=OEsec45° = 62.5V2 mm
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We have discussed in block brakes (Art. 19.4), that when the frictional force helps to apply
the brake, it is said to be self energizing brake. In case of differential band brake, we see from equa-
tions (i) and (ii) that the moment T,.b and T,.b helps in applying the brake (because it adds to the
moment P.I') for the clockwise and anticlockwise rotation of the drum respectively.

We have also discussed that when the force P is negative or zero, then brakeis self locking.
Thusfor differential band brake and for clockwiserotation of the drum, the condition for self locking
is

T,as<Tb or T,/Ty<bl/a
and for anticlockwise rotation of the drum, the condition for self locking is
T.asT,b or T,/T,<bla

Notes: 1. The condition for self locking may also be written as follows :
For clockwise rotation of the drum,

T1b=Tra or T1/Tr2alb
and for anticlockwise rotation of the drum,
Tob=Ta or Ty /Tozalb

2. Whenin Fig. 19.14 (&) and (b), the length OB is greater than OA, then the force P must act in the
upward direction in order to apply the brake. The tensionsin the band, i.e. T, and T, will remain unchanged.

Example 19.9. In a winch, the rope supports a load W and iswound round a barrel 450 mm
diameter. A differential band brake acts on a drum 800 mm diameter which iskeyed to the same shaft
asthe barrel. The two ends of the bands are attached to pins on opposite sides of the fulcrum of the
brake lever and at distances of 25 mm and 100 mm from the fulcrum. The angle of lap of the brake
band is 250° and the coefficient of friction is 0.25. What is the maximum load W which can be
supported by the brake when a force of 750 N is applied to the lever at a distance of 3000 mm from
the fulcrum ?

Solution. Given : D =450 mm or R=225mm ; d =800 mmor r =400 mm ; OB =25 mm;
OA =100 mm ; § = 250° = 250 x 11/180 = 4.364 rad ;
nu=0.25;P=750N ;| =0C = 3000 mm

Since OA is greater than OB, therefore the
operating force (P = 750 N) will act downwards.

First of all, let us consider that the drum rotates
in clockwise direction.

We know that when the drum rotatesin clock-
wise direction, the end of band attached to A will be
slack with tension T, and the end of the band attached
toB will betight withtension T,, asshowninFig. 19.15.

Now let usfind out thevaluesof tensions T, and T,,. We All dimensionsin mm.
know that Fig. 19.15

2.3log %}E: p.0 =0.25%x4.364 =1.091
020

750 N

h S: 1;21 =0.4743 or _I-I_-—l =298 ... (Taking antilog of 0.4743)
020 : 2

and T,=298T, - (i)
Now taking moments about the fulcrum O,
750 x 3000 + T, x 25=T, x 100

0 log
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or T,x100-298 T, x 25 = 2250 x 10° e (s T,=298T,)
255T, =2250%x 10°  or T,=2250 x 10%25.5=88 x 10°N
and T, =298T,=298x88x10°=262x 10°N
We know that braking torque,
Ty =(T,-Ty)r
= (262 x 10°—88 x 10%) 400 = 69.6 x 10° N-mm ()
and the torque due to load W newtons,
Ty =W.R=W x 225 =225 W N-mm .. (i)

Since the braking torque must be equal to the torque dueto load W newtons, therefore from
equations (i) and (ii),
W =69.6 x 10%/225 = 309 x 103 N = 309 kN
Now let us consider that the drum rotates in

anticlockwise direction. We know that when the drum rotates 3000— 20N
in anticlockwise direction, the end of the band attached to A
will be tight with tension T, and end of the band attached to i) &
B will beslack withtension T, asshowninFig. 19.16. The
ratio of tensions T, and T, will be same as cal cul ated above,
ie

T _

=298 0orT, =298T,

5 . S
Now taking moments about the fulcrum O, Al d'?ﬁgsg ién mm-
750 x 3000+ T, x 25=T, x 100
or2.98 T, x 100—T,x 25 = 2250 x 10° o (T, =298T)
273T,=2250x10° or T,=2250x 103273 = 8242 N
and T,=298T,=298x8242=24561N
O Brakingtorque, Tg= (T, xT,)r
= (24 561 — 8242)400 = 6.53 x 10° N-mm . (iii)

From equations (ii) and (iii),
W =6.53 x 105/225 =29 x 103N = 29 kN
From above, we see that the maximum load (W) that can be supported by the brakeis 309 kN,
when the drum rotates in clockwise direction. Ans.

Example 19.10. A differential band brake, as shown in Fig. 19.17, has an angle of contact of
225°. The band has a compressed woven lining and bears against a cast iron drum of 350 mm
diameter. The brakeisto sustain a torque of 350 N-m and the coefficient of friction between the band
andthedrumis0.3. Find: 1. The necessary force (P) for the clockwise and anticlockwise rotation of
thedrum; and 2. The value of * OA for the brake to be self locking, when the drumrotates clockwise.

Solution. Given: 9= 225° =225 x /180 =393 rad ;d=350mm or r =175 mm;
T =350 N-m = 350 x 103 N-mm
1. Necessary force (P) for the clockwise and anticlockwise rotation of the drum

When the drum rotates in the clockwise direction, the end of the band attached to A will be
slack with tension T, and the end of the band attached to B will betight with tension T, asshown in
Fig. 19.18. First of all, let usfind the values of tensions T, and T,,.
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A < 500 g
35ke— . 500 |
V. l lP
C )
C

All dimensionsin mm.
Fig. 19.17 Fig. 19.18

We know that

O
2.3log %:_igz 0 =0.3x3.93 =1.179
020

Hh E: U179 5106 or 1=3255 . (Taking antilog of 0.5126) ... (i)
o0 23 2
and braking torque (Tj),
350 x 103 = (T, - T)r =(T,-T,) 175
0 T,—T,=350x 10%175=2000 N .. (i)
From equations (i) and (ii), we find that
T,=2887N;andT,=887N
Now taking moments about the fulcrum O, we have
Px500=T,x 150 — T, x 35 =887 x 150 — 2887 x 35 = 32 x10°
O P=32 x 10%500 = 64 N Ans.
When the drum rotates in the anticlockwise
direction, the end of the band attached to A will betight
with tension T, and end of the band attached to B will
beslack withtension T,, asshowninFig. 19.19. Taking
moments about the fulcrum O, we have
Px500=T,x150-T, x 35
= 2887 x 150887 x 35
=402 x 10°
P =402 x 10%500=804 N Ans. Fig. 19.19

2. Value of ‘OA for the brake to be self locking, when
the drum rotates clockwise
The clockwise rotation of the drum is shown in Fig 19.18.
For clockwise rotation of the drum, we know that
Px500=T,xOA-T, xOB
For the brake to be self locking, P must be equal to zero. Therefore
T,xOA=T,x0B

and OA:T1><OB:2887><35
T, 887

O log

=114 mm Ans.
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19.9. Band and Block Brake

The band brake may be lined with blocks of wood or other material, as shown in Fig. 19.20
(). Thefriction between the blocks and the drum provides braking action. Let there are ‘n’ number
of blocks, each subtending an angle 26 at the centre and the drum rotates in anticlockwise direction.

(b)

Fig. 19.20. Band and block brake.
Let T, =Tensioninthetight side,
T,=Tension in the slack side,
p= Coefficient of friction between the blocks and drum,

Tl' = Tension in the band between the first and second block,
T2' , T3' etc.= Tensions in the band between the second and third block,
between the third and fourth block etc.
Consider one of the blocks (say first block) asshownin Fig. 19.20 (b). Thisisin equilibrium

under the action of the following forces:
1. Tensioninthetight side (T,),

2. Tension in the slack side (T;') or tension in the band between the first and second block,

3. Normal reaction of the drum on the block (R,), and
4. Theforce of friction (LR, ).

Resolving the forces radially, we have

(T,+T,)sin6 =Ry - (1)
Resolving the forcestangentially, we have

(T, +T, ) cos8 = uRy .. (i)
Dividing equation (ii) by (i), we have

(T.—Ty)cos6 _ iRy

(M +T)sne Ry

or (TL—T) = uten 8(Ty +T7)
0 LS _1+ptan 0
T, 1-utan®

Similarly, it can be proved for each of the blocks that
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Tn—l A+ pta‘l GEP
0 SIS X XS X X = O .. (i)
I P PO T2 ~Htn 6l

Braking torque on the drum of effectiveradiusr,,
Tg=(T=T)re
=(T,-T)r ... [Neglecting thickness of band]
Note: For thefirst block, the tension inthe tight sideis T, and in the slack sideis T{ and for the second block,
thetension in thetight sideis Ty and inthe slack sideis T, . Similarly for the third block, the tension in the
tight side is T, and in the slack side is T3 and so on. For the last block, the tension in the tight side is
T, andintheslack sideisT,.

Example 19.11. In the band and block brake
shown in Fig. 19.21, the band is lined with 12 blocks
each of which subtends an angle of 15° at the centre
of the rotating drum. The thickness of the blocksis 75
mm and the diameter of the drumis 850 mm. If, when
the brake is in action, the greatest and least tensions
inthe brake strap are T, and T, show that

J— 500 ——|
3

2
T, M+utan7.5°00
L= B O , where p is the 75
T, %—utan?.?g
coefficient of friction for the blocks.

With the lever arrangement as shown in All dimensionsin mm.
Fig.19.21, find the least force required at C for the Fig. 19.21
blocksto absorb 225 kW at 240 r.p.m. The coefficient
of friction between the band and blocksis 0.4.

Solution. Given:n=12; 20 =15° or § =7.5° t=75mm=0.075m; d=850mm
=0.85m; Power=225kW =225x10°W; N=240r.p.m.; p=0.4

Since OA > OB, therefore the force at C must act downward. Also, the drum rotates clock-
wise, therefore the end of the band attached to A will be slack withtension T, (least tension) and the
end of the band attached to B will be tight with tension T, (greatest tension).

Consider one of the blocks (say first block) as shown in Fig. 19.22. Thisisin equilibrium
under the action of the following four forces:

1. Tensioninthetight side (T,),
2. Tensioninthedack side(T;") or thetension in the band between the first and second block,
3. Normal reaction of the drum on the block (R,), and
4. Theforce of friction ( LRy, ).

Resolving theforces radially, we have

(T,+T,)sin75° =R, (i)
Resolving the forcestangentially, we have

(T,-T,)cos75° =Ry - (i)
Dividing equation (ii) by (i), we have

(M-T)eos75”_ o BTl o750 Fig. 19.22

1

(T, +T;)sin7.5° T +T
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0 T, -T =T Mtan7.5°+T] .utan7.5°

or T,(1-ptan7.5°) =Ty (L +ptan 7.59
T, _l+ptan7.5°0

O : VOD
T —-Htan7.5°g
Tl T I
Similarly, for the other blocks, the ratio of tensions 71 = i efc. remains constant.

T T3
Therefore for 12 blocks having greatest tension T, and least tension T, is

T, [l+ptan7.5°0°
T, H-ptan7.5°H
Least force required at C
Let P = Least forcerequired at C.
We know that diameter of band,
D=d+2t=085+2x0.075=1m

(T,~T)TO.N
O Power absorbed = ———~——
60
or T, T, = PoWer<60 _ 225X10°X60_ 17 g0 .. (i)
MDN X040
We have proved that

T, _O+pten75°0° _[1+04x0.131702 _11.05270% 355

T, H-ptan75°H ~H-04x01317H Ho.9473

. (iv
From equations (iii) and (iv), we find that ()
T,=24 920N, and T, =7020 N
Now taking moments about O, we have
Px500=T,x 150—T, x 30 = 7020 x 150 — 24 920 x 30 = 305 400
0 P =305400/500 = 610.8 N Ans.

Example 19.12. A band and block brake, having 14 blocks each of which subtends an angle
of 15° at the centre, isapplied to a drum of 1 m effective diameter. The drum and flywheel mounted
on the same shaft has a mass of 2000 kg and a combined radius of gyration of 500 mm. The two ends
of the band are attached to pins on opposite sides of the brake lever at distances of 30 mm and 120
mm from the fulcrum. If a force of 200 N is applied at a distance of 750 mm from the fulcrum, find:

1. maximum braking torque, 2. angular retardation of the drum, and 3. time taken by the
systemto come to rest from the rated speed of 360 r.p.m.

The coefficient of friction between blocks and drum may be taken as 0.25.

Solution.Given:n=14; 26 =15° or 6 =75°; d=1m or r=05m; m=2000Kkg;
k=500mm=05m; P=200N; N=360rpm.; 1=750mm; un=0.25

1. Maximum braking torque

The braking torque will be maximum when OB > OA and the drum rotates anticlockwise as
showninFig. 19.23. Theforce P must act upwards and the end of the band attached to A istight under
tension T, and the end of the band attached to B is slack under tension T,
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Taking moments about O, |<_ 750 _>|
200x 750+ T, x30=T, x 120 120 200N
12T,-3T, = 15000 () 7}

T, _ O+ ptaned

We know that g WE

+0.25tan 7.5°1

= H-025tan75°H S .

+0.25%0.13171*

=~ Hi—025x01317H

= (1.068)*=2512...(ii) All dimensionsin mm
From equations (i) and (ii), Fig. 19.23
T,=8440N, and T, = 3360 N
We know that maximum braking torque,

Ty = (T, -T,)r = (8440 -3360)0.5 =2540 N-m Ans.

<« 1m—>

2. Angular retardation of the drum
Let o = Angular retardation of the drum.
We know that braking torque (Tg ),

2540 = | .0 = mk®.a = 2000(0.5)%at = 5000

0 o = 2540/ 500 = 5.08 rad/s? Ans.

3. Timetaken by the system to cometo rest
Let t = Required time.
Since the system isto come to rest from the rated speed of 360 r.p.m., therefore

Initial angular speed, oy =21x360/60 =37.7 rad/s
and final angular speed,  w, =0
We know that W =@ —at ... (=vesign dueto retardation )

O t=w/a=37.7/508 =7.42sAns.

19.10. Internal Expanding Brake

An internal expanding brake consists of two shoes S, and S, as shown in Fig. 19.24. The
outer surface of the shoes are lined with somefriction material (usually with Ferodo) to increase the
coefficient of friction and to prevent wearing away of the metal. Each shoeis pivoted at one end about
afixed fulcrum O, and O, and made to contact a cam at the other end. When the cam rotates, the
shoes are pushed outwards against the rim of the drum. The friction between the shoes and the drum
produces the braking torque and hence reduces the speed of the drum. The shoesare normally heldin
off position by aspring as shown in Fig. 19.24. The drum encloses the entire mechanism to keep out
dust and moisture. Thistype of brake is commonly used in motor cars and light trucks.
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Cam
Leading of
)

primary shoe Trailing or
secondary shoe

y
Spring
l RN
Brake lining
: &
O, 0O,
Fig. 19.24. Internal expanding brake. Fig. 19.25. Forces on an internal expanding brake.

We shall now consider the forces acting on such a brake, when the drum rotates in the
anticlockwise direction as shown in Fig. 19.25. It may be noted that for the anticlockwise direction,
theleft hand shoeisknown asleading or primary shoe whiletheright hand shoeisknown astrailing
or secondary shoe.

Let r = Internal radius of the wheel rim,

b =Width of the brake lining,
p, = Maximum intensity of normal .
pressure, Loading Shoe
py = Normal pressure, w k. Lever
F, = Force exerted by the cam on /
the leading shoe, and
F, = Force exerted by the cam on
the trailing shoe.

Consider asmall element of the brake lining
AC subtending an angle 36 at the centre. Let OA
makes an angle 6 with OO, asshowninFig. 19.25. It
isassumed that the pressure distribution on the shoe
is nearly uniform, however the friction lining wears ~ 60 mm overall, 25 mm
out more at the free end. Since the shoe turns about Sprmemal exvanding brake

O,, therefore the rate of wear of the shoelining at A P d '

will be proportional to theradial displacement of that point. The rate of wear of the shoelining varies

directly as the perpendicular distance from O, to OA, i.e. O, B. From the geometry of the figure,
0O,B=00, sng

Return Spring 70 mm ove_rall,
AOraa 50 mm spring,
pne on each

10 mm overall
(behind shoes)

and normal pressure at A,
Py Osi® or (N plsirG
0 Normal force acting on the element,
ORy = Normal pressure x Area of the element
= py(br.6) =p,sin br.3H
and braking or friction force on the element,

OF =puxaRy =pup,sin qbr. o
0 Braking torque due to the element about O,

3T =& xr =pp;sin @br.39r =ppbr(sin 65p
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and total braking torque about O for whole of %ne shoe,
2

Ts =pplbr2J"sinede=uplbr2[—cosq:f

= | pybr?(cos8, —cos8,)
Moment of normal force 8Ry of the element about the fulcrum O,
My =Ry xO;B =& (00;sin §

= psin@(br.36) (00, sin 6) =p,sin? §br. 5§00,

O Total moment of normal fgrceﬁ about the fulcrum O,, 6
2 2

My = l p,sin® §(br.8900; =p, br. 00, lsinz 6d 8

6,
= pbroo I%(l—cosZG)dG E gnZe:%a-oosze)E

sin ZBDB2

% brool%

Moment of frictional force F about the fulcrum O,,
OMg =& xAB =& (r -OOC, cos § ..(- AB=r-00, cosB)
= p,sinB(b.r.56) (r ~OO; cos §
= W.pbr(rsin@-00; sin Bcos 6) 56

0. . 00 . .. [
= u-m-b-fHSHB—TOlSHZGEESG ... (- 2sinBcosh =sin26)

O Total moment of frictional force about the fulcrum O,

8,
Mg uplbrIHsme smzeade

6,
= U pbr E—r cose+%coszﬁ
]

00, 0
2 c0s2 QE

= WU pbr E—rcosez +%coszez +r cos 6

= U pbr E(cosel —cos6,) +%(005262 —C0Ss2 Q)E
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Now for leading shoe, taking moments about the fulcrum O,
FoxI=M —M
and for trailing shoe, taking moments about the fulcrum O,
F,xl =M+ M,
Note: If M > My, then the brake becomes self locking.

Example 19.13. The arrangement of an internal expanding friction brake, in which the
brake shoeispivoted at ‘C’ is shown in Fig. 19.26. The distance ‘CO’ is 75 mm, O being the centre
of the drum. The internal radius of the brake drum is
100 mm. Thefriction lining extendsover an arc AB, such
that the angle AOC is 135° and angle BOC is 45°. The
brakeisapplied by means of aforce at Q, perpendicular
to the line CQ, the distance CQ being 150 mm.

Thelocal rate of wear on thelining may betaken as
proportional to the normal pressure on an element at an
angle of ‘8’ with OC and may be taken as equal to

p, sin 8, where p, is the maximum intensity of normal
pressure.

The coefficient of friction may be taken as 0.4 and
thebraking torque requiredis21 N-m. Calcul ate theforce
Q required to operate the brakewhen 1. Thedrumrotates _ —
clockwise, and 2. The drum rotates anticlockwise. All di rgiens'l%ngé” mm

Solution. Given: OC =75 mm ; r = 100 mm ; o
6, = 135° =135 x 11 /180 = 2356 rad ; 6; = 45° =45 x 1/180 = 0.786 rad ; | = 150 mm ;
M =0.4; T, =21 N-m=21x10*N-mm
1. Force'Q’ required to operate the brake when drum rotates clockwise

We know that total braking torque due to shoe (Tg),

21x10° = p.pl.b.rz(cose_L -c0s6,)

=04xp ><b(100)2 (cos45° —cos135°9) =5656 p, .b

O pb=21x10%/5656 =3.7
Total moment of normal forces about the fulcrum C,

My :% pLbr OC aez -8) +%(sin2q anzez)g

_ %x3.7x100 x75 az.sss ~0.786) +% (§N90° -sin 270 ‘)E

=13875 (1.57 + 1) = 35 660 N-mm
and total moment of friction force about the fulcrum C,

Mg = w.pbr E’(cos@]L -cos6,) +O—f (cos26, —cos2 Q)E

= 0.4 %37 x 100 %00 (Cos45° - cos135°) +7745 (cos270° —00590°)§
- 148 x 141.4 = 20 930 N-mm
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Taking moments about the fulcrum C, we have
Q%150 =M, + M= 35660 + 20 930 = 56 590
0 Q=56590/150=2377 N Ans.
2. Force' Q' required to operate the brake when drum rotates anticlockwise
Taking moments about the fulcrum C, we have
Q x150= My —M_=35660-20930 =14 730
0 Q=14730/150 = 98.2 N Ans.

19.11. Braking of a Vehicle

In afour wheeled moving vehicle, the brakes may be applied to

1. the rear wheels only,

2. the front wheels only, and

3. al thefour wheels.

In all the above mentioned three types of
braking, itisrequired to determinetheretardation
of the vehicle when brakes are applied. Since the
vehicle retards, therefore it is a problem of
dynamics. But it may be reduced to an equivalent
problem of staticsby including theinertiaforcein
the system of forcesactually applied tothevehicle.
The inertia force is equal and opposite to the
braking force causing retardation.

Now, consider a vehicle moving up an
inclined plane, as shown in Fig. 19.27.

Let o = Angle of inclination of the plane to the horizontal,

m = Mass of the vehiclein kg (such that its weight is m.g newtons),
h = Height of the C.G. of the vehicle above the road surface in metres,
X = Perpendicular distance of C.G. from the rear axlein metres,

L = Distance between the centresof therear and front wheels (also called wheel
base) of the vehicle in metres,

R, = Total normal reaction between the ground and the front wheelsin newtons,
Ry = Total normal reaction between the ground and the rear wheels in newtons,
1 = Coefficient of friction between the tyres and road surface, and
a = Retardation of the vehiclein m/s?.

We shall now consider the above mentioned three cases of braking, one by one. In all these
cases, the braking force acts in the opposite direction to the direction of motion of the vehicle.

Fig. 19.27. Motion of vehicle up the inclined
plane and brakes are applied to rear wheels only.

1. When the brakes are applied to the rear wheels only

Itisacommon way of braking the vehiclein which the braking force acts at the rear wheels
only.
Let Fg = Total braking force (in newtons) acting at the rear wheels due to the
application of the brakes. Its maximum valueis [LR;.
The various forces acting on the vehicle are shown in Fig. 19.27. For the equilibrium of the
vehicle, the forces acting on the vehicle must be in equilibrium.
Resolving the forces parallel to the plane,

Fg +mg.sna=ma ()]
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Resolving the forces perpendicular to the plane,

Ry +Rg =mgcosa ... (i)
Taking moments about G, the centre of gravity of the vehicle,
Fgxh+R;xx=R, (L-X) ()

Substituting the value of Fy = WLR;, and R, = m.g cosa — Ry [from equation (ii) ] in the
above expression, we have
HRg xh+R;xx=(mgcos a —R;) (L-X)
R (L +ph)y=mgcos a (L-x)

_ mgcosa(L-x)

O =
B L+ph
m.g cosa(L — x)
= mgcosa—- R, =mgcosg —-—————=
and R, = Mg Ry =mg L+ph
_ mgcosa(x+p.h)
L+ph
We know from equation (i),
a:w :i +gsina :U-RB +gsina
m m m
_u.gcosa(L—x)+gsina bstituting the value of R
—L+p.h ... (Substituting the value of R;)
Notes: 1. When the vehicle moves on alevel track, then a =0.
_mg(L-% ., _mg(x+puh) _bg(L-x
= Re L+ph R L+ph @ a L+ph

2. If the vehicle moves down the plane, then equation (i) becomes
Fg —mgsna=ma

_H.gcosa(L - x)
L+ph

0 a:i—g.sina:@—g.sina -gsna
m m
2. When the brakes are applied to front wheels only
It is a very rare way of braking the
vehicle, in which the braking force acts at the
front wheelsonly.

Let F, =Tota braking force (in newtons)
acting at the front wheels due to
the application of brakes. Its
maximum valueis LR,

Thevariousforcesacting onthevehicle

are shownin Fig. 19.28.

Resolving the forces parallel to the

plane,

F, +mgsina =ma (@)

Resolving the forces perpendicular to Fig. 19.28. Motion of the vehicle up the inclined
the plane, plane and brakes are applied to front wheels only.

R, + Ry = mgcosa .. (i)
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Taking moments about G, the centre of gravity of the vehicle,
Foxh+R;xx=R, (L-X)
Substituting thevalue of F, = LR, and Ry =m.g cosa —R, [from equation (ii) ] inthe above
expression, we have
HR, xh+(mgcos a—-R,) x=R, (L—X)

HR, xh+mgcos axx=R, xL

mgcosa x X
O ===
Ra L-ph
and Rgs =mgcosa - Ry :mgcosa—w
L-ph
' 0 L-phg 0 L-phQ
We know from equation (i),

a= Fa +mgsina _p.Ry +mgsina
m m

Hmgeosaxx mgsina

.. . (Substituting the value of R,)

(L=ph)ym m
. X X .
_ H.gcosa +gsina
L-ph
Notes: 1. When the vehicle moves on alevel track, then o = 0.

mgxx mg(L -ph-x) p.g [X
Ry = : = : a=-——
O A L-ph Re L —ph an L-ph

2. When the vehicle moves down the plane, then equation (i) becomes
Fao —mgsna=ma
Fa . M. . _Hgcosaxx

a=—-g.sina=—"--gsna=
O m g m g L-ph

gsna

3. When the brakes are applied to all the four
wheels
Thisisthemost common way of braking
the vehicle, in which the braking force acts on
both the rear and front wheels.
Let F, = Braking force provided by the
front wheels= R, , and
Fg = Braking force provided by the
rear wheels = LLR;.
A little consideration will show that when
the brakes are applied to all the four wheels, the
braking distance (i.e. the distance in which the

vehicle is brought to rest after applying the Fig. 19.29. Motion of the vehicle up the inclined
brakes) will be the least. It is due to this reason plane and the brakes are applied to all
that the brakes are applied to al the four wheels. the four wheels.

Thevariousforces acting on the vehicle
are shownin Fig. 19.29.
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Resolving the forces parallel to the plane,

Fp +Fg +mgsina=ma ()
Resolving the forces perpendicular to the plane,
Ry + Rg =mgcosa (i)
Taking moments about G, the centre of gravity of the vehicle,
(Fp +Fg)h+Rg xx =Ry (L —X) )

Substituting the value of Fp = LRy, Fg = LRg and Rg =mgcosa — R, [From equation
(i1)] in the above expression,
H(Ry + Rg)h+(m.gcosa =Ry )x =Ry (L =X)
HM(Ra +mgcosa - Ry )h+(mgcosa—Ra )X =Ra (L —X)
p.mgcosaxh+mgcosax x =Ry XL

m.g cosa (.h+ x)

O R, =

A L
and Rg =mgcosa - Ry :mgcosa—w
mg cosa %— ph X0 mg cosal? Sl
= L H i
Now from equation (i),

MRy +HRg +mgsina=ma
H(Ry +Rg) +mgsina =ma
p.m.g.cosa + mgsina = ma ... [From equation (ii)]
O a=g(ncosa+sina)
Notes: 1. When the vehicle moves on alevel track, then a =0.

0L - pwh -x0

m.g(ph+ x
Ra :L? Rg =m-9WH anda=g.p

O L
2. If the vehicle moves down the plane, then equation (i) may be written as
Fa + Fg —mgsina=ma
or U(Ra +Rg) -mgsina=ma
p.mgcoso—-mgsna = ma
and a=g(p.cosa—-sina)

Example 19.14. A car moving on a level road at a speed 50 km/h has a wheel base 2.8
metres, distance of C.G. from ground level 600 mm, and the distance of C.G. from rear wheels 1.2
metres. Find the distance travelled by the car before coming to rest when brakes are applied,

1. to the rear wheels, 2. to the front wheels, and 3. to all the four wheels.

The coefficient of friction between the tyres and the road may be taken as 0.6.

Solution. Given:u=50km/h =13.89m/s;L=28m; h=600mm=0.6m;x=12m;u=0.6
Let s = Distance travelled by the car before coming to rest.

1. When brakes are applied to the rear wheels
Since the vehicle moves on alevel road, therefore retardation of the car,

o= Mg(L—x) _0.6x981(28-12)

=2.98 m/s?
L+ph 28+0.6%0.6
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We know that for uniform retardation,

.- u® _(13.89)°
2a 2x2.98
2. When brakes are applied to the front wheels
Since the vehicle moves on alevel road, therefore retardation of the car,
_ pgx _06x9.18x1.2
“L-ph 28-06x06
We know that for uniform retardation,

S‘ﬁ‘M =33.26 mAns
2a  2x29 T '
3. When the brakes are applied to all the four wheels

Since the vehicle moves on alevel road, therefore retardation of the car,
a=g.u=9.81x0.6 =5886 m/s’
We know that for uniform retardation,

.o u? _ (13.89)2

=32.4mAns.

=29 m/s?

2a 2x5.886

=16.4m Ans.

Example 19.15. A vehicle moving on a rough plane inclined at 10° with the horizontal at a
speed of 36 km/h has a wheel base 1.8 metres. The centre of gravity of the vehicle is 0.8 metre from
the rear wheels and 0.9 metre above the inclined plane. Find the distance travelled by the vehicle
before coming to rest and the time taken to do so when 1. The vehicle moves up the plane, and 2. The
vehicle moves down the plane.

The brakes are applied to all the four wheels and the coefficient of friction is 0.5.

Solution. Given: a=10%u=36km/h=10m/s;L=18m;x=08m;h=09m;pu=05
Let s = Distance travelled by the vehicle before coming to rest, and
t = Time taken by the vehicle in coming to rest.
1. When the vehicle moves up the plane and brakes are applied to all the four wheels
Since the vehicle moves up the inclined plane, therefore retardation of the vehicle,
a=g(pcosa+sna)

= 9.81 (0.5¢0s10° +sin10°) =9.81(0.5x0.9848 +0.1736) = 6.53 m/s?
We know that for uniform retardation,

S=£ =ﬁ =7.657 mAns.
2a 2x6.53
and final velocity of thevehicle (v),
O=u+at =10-6.531 .. .(Minus sign due to retardation)
O t=10/6.53=153sAns.

2. When the vehicle moves down the plane and brakes are applied to all the four wheels
Since the vehicle moves down the inclined plane, therefore retardation of the vehicle,

a=g(pcosa-sina)
=9.81(0.5c0s10° -sin10°) =9.81(0.5x0.9848 —0.1736) = 3.13 m/s
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We know that for uniform retardation,

2 2
_u®_ 109 _
= 9a  2x313 16 m Ans.
and final velocity of thevehicle (v),
O=u+at=10-3.13t ... (Minus sign due to retardation)
O t=10/3.13=3.2sAns.

Example 19.16. The wheel base of a car is 3 metres and its centre of gravity is 1.2 metres
ahead therear axle and 0.75 mabove the ground level. The coefficient of friction between the wheels
and theroad is 0.5. Determine the maximum deceleration of the car when it moves on a level road,
if the braking force on all the wheelsis the same and no wheel slip occurs.

Solution. Given: L=3m;x=12m;h=0.75m; u=0.5
Let a = Maximum deceleration of the car,

m= Mass of the car,

F, and Fg = Braking forces at
the front and
rear wheels
respectively, and

R,and R = Normal reactions TB
at the front and I L
rear wheels Ry
respectively. _
The various forces acting on the car are Fig. 19.30
shownin Fig. 19.30.
We shall consider the following two cases:
(a) When the dipping isimminent at the rear wheels
We know that when the brakes are applied to al the four wheels and the vehicle moveson a
level road, then

OL - pwh=x0 13-0.5%0.75 -1.27
-m =mx9.8 =466mN
Re=mog— —[ H 3 H
and F,+Fg=ma or 2. Ry=ma ...(v Fg=FyandFgy = pRy)
0 2x0.5x4.66m=ma or a=4.66m/s?

(b) When the dipping isimminent at the front wheels
We know that when the brakes are applied to al the four wheels and the vehicle moveson a
level road, then

_mg(ph+x) _ mx9.81(0.5x0.75 +1.2)

Ra 3 2 =515mN
and F,+Fg=ma or 2u.R,=ma .. (v Fy=FgandF, = p.R,)
0 2x05x515m=ma or a=5.15m/s?

Hence the maximum possible deceleration is 4.66 m/s” and slipping would occur first at the
rear wheels. Ans.

19.12. Dynamometer

A dynamometer isabrake but in addition it has adevice to measure thefrictional resistance.
Knowing the frictional resistance, we may obtain the torque transmitted and hence the power of the
engine.
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19.13. Types of Dynamometers

Following are the two types of
dynamometers, used for measuring the brake
power of an engine.

1. Absorption dynamometers, and
2. Transmission dynamometers.

Inthe absor ption dynamometers, the
entire energy or power produced by the
engineisabsorbed by thefriction resistances
of the brake and is transformed into heat,
during the process of measurement. But in
the transmission dynamometer s, the energy
isnot wasted in friction but isused for doing
work. The energy or power produced by the
engineistransmitted through the dynamom-  Dynamometers measure the power of the engines.
eter to some other machineswhere the power
developed is suitably measured.

19.14. Classification of Absorption Dynamometers

Thefollowing two types of absorption dynamometers areimportant from the subject point of
view :

1. Prony brake dynamometer, and 2. Rope brake dynamometer.

These dynamometers are discussed, in detail, in the following pages.

19.15. Prony Brake Dynamometer

A simplest form of an absorption type dynamometer isaprony brake dynamometer, as shown
inFig. 19.31. It consists of two wooden blocks placed around apulley fixed to the shaft of an engine
whose power isrequired to be measured. The blocks are clamped by means of two bolts and nuts, as
shown in Fig. 19.31. A helical spring is provided between the nut and the upper block to adjust the
pressure on the pulley to control its speed. The upper block hasalong lever attached to it and carries
aweight Wat itsouter end. A counter weight is placed at the other end of the lever which balancesthe
brake when unloaded. Two stops S, S are provided to limit the motion of the lever.

| L
Nut— (1~ ! =
| +Spring s
[]
[ } Lever
W
S

1 m
Counter H—R
weight w >— Blocks W
/I
L
Pulley—1 F

C J
Fig. 19.31. Prony brake dynamometer.

When the brake is to be put in operation, the long end of the lever is loaded with suitable
weights Wand the nuts are tightened until the engine shaft runs at aconstant speed and the lever isin
horizontal position. Under these conditions, the moment due to the weight W must balance the mo-
ment of the frictional resistance between the blocks and the pulley.
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Let W = Weight at the outer end of the lever in newtons,
L = Horizontal distance of the weight W
from the centre of the pulley in metres,
F = Frictiona resistance between theblocks
and the pulley in newtons,
R Radius of the pulley in metres, and
N = Speed of theshaftinr.p.m.
We know that the moment of the frictional re-
sistance or torque on the shaft,
T=WL=FRN-m
Work donein one revolution
= Torque x Angle turned in radians

= T x21N-m
0 Work done per minute
= Tx21mN N-m
We know that brake power of the engine, Another dynamo

_ Workdone per min. _ Tx2mN _W.L x2 1N W
60 60 60
Notes: 1. From the above expression, we see that while determining the brake power of engine with the help of
a prony brake dynamometer, it is not necessary to know the radius of the pulley, the coefficient of friction
between the wooden blocks and the pulley and the pressure exerted by tightening of the nuts.
2. When the driving torque on the shaft is not uniform, this dynamometer is subjected to severe oscil-

B.P. atts

|ations.

19.16. Rope Brake Dynamometer

Itisanother form of absorption type dynamometer which ismost commonly used for measur-
ing the brake power of theengine. It consists of one, two or more ropeswound around the flywheel or
rim of apulley fixed rigidly to the shaft of an engine. The upper end of the ropesisattached to aspring
balance whilethelower end of theropesiskept in position by applying adead weight asshowninFig.
19.32. In order to prevent the slipping of the rope over the flywheel, wooden blocks are placed at
intervals around the circumference of the flywheel.

In the operation of the brake, the engine is made to run at a constant speed. The frictional
torque, due to the rope, must be equal to the torque being transmitted by the engine.

Let W = Dead load in newtons,

S= Spring balance reading in newtons,

D = Diameter of the wheel in metres,

d = diameter of ropein metres, and

N = Speed of the engine shaft in r.p.m.
0 Net load on the brake

=(W-9N

We know that distance moved in one revolution

= 1(D +d)m
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0 Work done per revolution
= (W-S)m(D +d) N-m
and work done per minute
= (W-=-S)m(D +d) N N-m

Wooden /_‘ Spring balance

blocks
\ <Rope

Wooden block
[ Ropes

Section of wheel rim

Cooling
water
—

g Dead weight

Fig. 19.32. Rope brake dynamometer.
[0 Brakepower of the engine,
Work done per min _ (W -S) (D +d)N
60 60
If the diameter of therope (d) isneglected, then brake
power of the engine,

B.P=

waitts

BP. = w watts
60

Note: Since the energy produced by the engine is absorbed by the
frictional resistances of the brake and is transformed into heat,
thereforeit isnecessary to keep the flywheel of the engine cool with
soapy water. The flywheelshave their imsmade of achannel section
so as to receive a stream of water which is being whirled round by
thewheel. The water is kept continually flowing into therimand is
drained away by asharp edged scoop on the other side, asshownin
Fig. 19.32.

Example 19.17. In a laboratory experiment, the
following data were recorded with rope brake:

Diameter of the flywheel 1.2 m; diameter of the rope
12.5 mm; speed of the engine 200 r.p.m.; dead load on the
brake 600 N; spring balance reading 150 N. Calculate the
brake power of the engine.

Solution. Given : D = 1.2 m; d = 125 mm  An engine is being readied for
=0.0125m; N=200rp.m; W=600N ; S=150 N testing on a dynamometer
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We know that brake power of the engine,
BP. = (W-S) (D +d)N _ (600 -150) 1(1.2 40.0125)200

60 60
=5.715kW Ans.

=5715W

19.17. Classification of Transmission Dynamometers

The following types of transmission dynamometers are important from the subject point of
view :

1. Epicyclic-train dynamometer, 2. Belt transmission dynamometer, and 3. Torsion dyna-
mometer.

We shall now discuss these dynamometers, in detail, in the following pages.

19.18. Epicyclic-train Dynamometer

Annular gear

Lever

S
i

Pinion g

Spur gear |‘_ a—>
I« L

Fig. 19.33. Epicyclic train dynamometer.

An epicyclic-train dynamometer, as shown in Fig. 19.33, consists of asimple epicyclictrain
of gears, i.e. aspur gear, an annular gear (agear having internal teeth) and apinion. The spur gear is
keyed to the engine shaft (i.e. driving shaft) and rotates in anticlockwise direction. The annular gear
is also keyed to the driving shaft and rotates in clockwise direction. The pinion or the intermediate
gear meshes with both the spur and annular gears. The pinion revolves freely on alever which is
pivoted to the common axis of the driving and driven shafts. A weight w is placed at the smaller end
of thelever in order tokeepitin position. A little consideration will show that if thefriction of thepin
on which the pinion rotates is neglected, then the tangential effort P exerted by the spur gear on the
pinion and the tangential reaction of the annular gear on the pinion are equal.

Since these efforts act in the upward direction as shown, therefore total upward force on the
lever acting through the axis of the pinion is 2P. Thisforce tendsto rotate the lever about itsfulcrum
and it isbalanced by adead weight W at the end of thelever. Thestops S, Sare provided to control the
movement of the lever.

For equilibrium of the lever, taking moments about the fulcrum F,
2Pxa=W.L or P=W. /2a
Let R = Pitch circle radius of the spur gear in metres, and
N = Speed of the engine shaftinr.p.m.
0 Torquetransmitted, T=P.R

_Tx2nN _ PRx271N

and power transmitted
60

waitts
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19.19. Belt Transmission Dynamometer-Froude or Throneycroft Transmission
Dynamometer

When the belt is transmitting power from one pulley to another, the tangential effort on the
driven pulley isequal to the difference between the tensionsin the tight and slack sides of the belt. A
belt dynamometer is introduced to measure directly the difference between the tensions of the belt,
whileit isrunning.

Frame

/.

; S'l
=
w

<—L—>,

i\

w

Fig. 19.34. Froude or Throneycroft transmission dynamometer.

A belt transmission dynamometer, asshown in Fig. 19.34, iscalled aFroude or Throneycroft
transmission dynamometer. It consists of apulley A (called driving pulley) which isrigidly fixed to
the shaft of an engine whose power is required to be measured. There is another pulley B (called
driven pulley) mounted on another shaft to which the power from pulley A istransmitted. The pulleys
A and B are connected by means of a continuous belt passing round the two loose pulleys C and D
which are mounted on a T-shaped frame. The frameispivoted at E and itsmovement is controlled by
two stops SS. Sincethetension in thetight side of the belt (T,) isgreater than thetension in the slack
side of the belt (T,), therefore the total force acting on the pulley C (i.e. 2T,) is greater than the total
force acting on the pulley D (i.e. 2T,). It isthus obvious that the frame causes movement about E in
the anticlockwise direction. In order to balanceit, aweight Wis applied at adistance L from E onthe
frame asshownin Fig. 19.34.

Now taking moments about the pivot E, neglecting friction,

2T xa=2T, xa+W.L  or Tl—TZ:V%
a
Let D = diameter of the pulley A in metres, and
N = Speed of the engine shaft in r.p.m.
0 Work donein onerevolution = (T, =T,) D N-m
and workdone per minute = (T, -T,) TDN N-m
[ Brake power of theengine, g p = (L~ T2) ION .

Example 19.18. The essential features of a transmission dynamometer are shown in Fig.
19.35. A is the driving pulley which runs at 600 r.p.m. B and C are jockey pulleys mounted on a
horizontal beam pivoted at D, about which point the complete beamis balanced when at rest. Eisthe
driven pulley and all portions of the belt between the pulleys are vertical. A, B and C are each 300
mm diameter and the thickness and weight of the belt are neglected. The length DF is 750 mm.

Find : 1. the value of the weight W to maintain the beam in a horizontal position when
4.5 kW is being transmitted, and 2. the value of W, when the belt just beginsto slip on pulley A. The
coefficient of friction being 0.2 and maximum tension in the belt 1.5 kN.
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Driven
T pulley
Driving
pulley
VT + l 4
T, A Ul
T, T,

o :
= [
2T2]«300—>|<—300—»Tz:150 ! W

Fig. 19.35. All dimensions in mm.

Solution. Given: N, =600r.p.m.: D, =Dg=D,=300mm=0.3m
1. Value of the weight W to maintain the beam in a horizontal position
Given : Power transmitted (P) = 4.5 kW = 4500 W
Let T, = Tensionin the tight side of the belt on pulley A, and
T, = Tension in the slack side of the belt on pulley A.
0 Force acting upwards on the pulley C = 2T,
and force acting upwards on the pulley B = 2T,
Now taking moments about the pivot D,
W x 750 = 2T, x 300 - 2T, x 300 = 600 (T, - T,)
O T,-T,=Wx750/600=125WN
We know that the power transmitted (P),
4500 = (Tl —T2) T[DA NA _ 1.25W x 11 x0.3 x600

0 60
O W=4500/11.78 = 382 N Ans.
2. Value of W, when the belt just beginsto slip on A

Given: u=02;T,=15kN=1500N
We know that

=11.78W

O
Z-SIOQ%I—lD: 1.8 =0.2 x 1 =0.6284 .o (- 6 =180° = T rad)
g2

-
log ga E= 06284 _ (o130 o T—l =1.876 ... (Taking antilog of 0.2732)

o0 23 2
O T,=T,/1.876=1500/1.876 =800 N
Now taking moments about the pivot D,
W x 750 = 2T, x 300 — 2T, x 300 = 2 x 1500 x 300 — 2 x 800 x 300
=420 x 10°
0 W =420 x 10% 750 =560 N Ans.
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19.20. Torsion Dynamometer

A torsion dynamometer is used for measuring large powers particularly the power transmit-
ted along the propeller shaft of aturbine or motor vessel. A little consideration will show that when
the power is being transmitted, then the driving end of the shaft twists through asmall anglerelative
to the driven end of the shaft. The amount of twist depends upon many factors such as torque acting
on the shaft (T), length of the shaft (1), diameter of the shaft (D) and modulus of rigidity (C) of the
material of the shaft. We know that the torsion equation is

T_C8
J |
where 0 = Angle of twist in radians, and

J = Polar moment of inertia of the shaft.
For a solid shaft of diameter D, the polar moment of inertia
J= 3_1; X D4
and for ahollow shaft of external diameter D and internal diameter d, the polar moment of inertia,

T 4_ 44
J=—(D"-d
32( )
From the above torsion equation,
T= CI_J X0 =k.0
wherek = C.J/l isaconstant for aparticular shaft. Thus, the torque acting on the shaft is proportional
totheangleof twist. Thismeansthat if the angle of twist is measured by some means, then the torque
and hence the power transmitted may be determined.
We know that the power transmitted

P:TXZT[N

watts, where N isthe speed inr.p.m.

A number of dynamometers are used to measure the angle of twist, one of whichisdiscussed
in Art. 19.21. Since the angle of twist is measured for a small length of the shaft, therefore some
magnifying device must beintroduced in the dynamometer for accurate measurement.

Example 19.19. Atorsion dynamometer isfitted to a propeller shaft of amarineengine. Itis
found that the shaft twists 2° in a length of 20 metresat 120 r.p.m. If the shaft is hollow with 400 mm
external diameter and 300 mm internal diameter, find the power of the engine. Take modulus of
rigidity for the shaft material as80 GPa.

Solution. Given: § =2°=2x1/180=0.035rad ; | =20 m ; N =120 r.p.m. ; D =400 mm

=0.4m;d=300mm=0.3m; C=80GPa= 80 x 10° N/m?
We know that polar moment of inertia of the shaft,

T, 4 4 T 4 4 4
J=—(D"-d%) =—10.4)* -(0.3)"Ll =0.0017m
=1 ) =508 03
and torque applied to the shaft,

CJ
X

- c 0 :80><109 x0.0017

20

x0.035 =238 x10°N-m

We know that power of the engine,
p_Tx2nN _238 x10° x2 1420

= 3 =
60 60 2990 x 10° W = 2990 kW Ans.
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19.21. Bevis-Gibson Flash Light Torsion Dynamometer

L - I
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Fig. 19.36. Bevis-Gibson flash light torsion dynamometer.

It depends upon the fact that the light travelsin astraight line through air of uniform density
and the velocity of light isinfinite. It consists of two discs A and B fixed on a shaft at a convenient
distance apart, as shown in Fig. 19.36 (a). Each disc hasasmall radial slot and thesetwo slotsarein
the same line when no power istransmitted and there is no torque on the shaft. A bright electric lamp
L, behind the disc A, isfixed on the bearing of the shaft. Thislamp is masked having aslot directly
oppositeto the slot of disc A. At every revolution of the shaft, aflash of light is projected through the
slotinthedisc A towardsthedisc B in adirection parallel to the shaft. An eye piece E isfitted behind
the disc B on the shaft bearing and is capabl e of slight circumferential adjustment.

When the shaft does not transmit any torque (i.e. at rest), a flash of light may be seen after
every revolution of the shaft, asthe positions of the dlit do not change relative to one another as shown
in Fig. 19.36 (b). Now when the torque is transmitted, the shaft twists and the slot in the disc B
changesitsposition, thoughthedlotsinL, A and E are till inline. Dueto this, thelight does not reach
to the eye piece as shown in Fig. 19.36 (c). If the eye piece is now moved round by an amount equal
tothelag of disc B, then the slot in the eye piece will be oppositeto theslot in disc B asshownin Fig.
19.36 (d) and hence the eye piece receives flash of light. The eye piece is moved by operating a
micrometer spindle and by means of scale and vernier, the angle of twist may be measured upto
1/100th of a degree.

The torsion meter discussed above gives the angle of twist of
the shaft, when the uniform torque istransmitted during each revolution
asin case of turbine shaft. But when thetorque varies during each revo-
Iution asin reciprocating engines, it is necessary to measure the angle of
twist at several different angular positions. For this, the discs A and B

are perforated with slots arranged in the form of spiral asshownin Fig. Fig. 19.37. Perforated
19.37. Thelamp and the eye piece must be moved radially so asto bring disc.
them into line with each corresponding pair of slotsin the discs.

EXERCISES

1. A single block brake, as shown in Fig. 19.38, has the drum diameter 250 mm. The angle of contact is
90° and the coefficient of friction between the drum and the lining is 0.35. If the operating force of
650 N is applied at the end of the lever, determine the torque that may be transmitted by the block
brake. [Ans. 65.6 N-m]
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All dimensionsin mm.
Fig. 19.38 Fig. 19.39

The layout and dimensions of a double shoe brake is shown in Fig. 19.39. The diameter of the brake
drum is 300 mm and the contact angle for each shoeis 90°. If the coefficient of friction for the brake
lining and the drum is 0.4, find the spring force necessary to transmit a torque of 30 N-m. Also
determine the width of the brake shoes, if the bearing pressure on the lining material is not to exceed
0.28 N/mm?. [Ans. 98.4 N ; 5 mm]
The arrangements of atransmission brake is shown in Fig. 19.40. The arms are pivoted at O, and O,
and when force is applied at the end of a hand lever, the screw AB rotates. The left and right hand
threads working in nuts on the ends of the arms move the armstogether and thus apply the brake. The
force on the hand lever is applied 400 mm from the axis of the screw.

The drum is 240 mm in diameter and the angle subtended by each is 90°. The screw has six square
threadswith amean diameter of 20 mm and alead of 55 mm. Assuming acoefficient of frictionfor the
braking surface as 0.3 and for the threads 0.15, determine the force on the hand lever required to set
the brake when the torque on the drum is 245 N-m. [Ans. 86.5 N]

All dimensionsin mm. All dimensionsin mm.
Fig. 19.40 Fig. 19.41

The layout and dimensions of the block brake are shown in Fig. 19.41. The diameter of the wheel is
300 mm and the contact angle for each block is90°. If the coefficient of friction for the brake lining
and wheel is0.4 and the torque on the wheel is30 N-m, find the force P on the operating arm required
to set the brake for anticlockwise rotation of the wheel. [Ans. 10 N]
A simple band brakeis operated by alever of length 500 mm. The brake drum has a diameter of 500
mm and the brake band embraces 5/8 of the circumference. One end of the band is attached to the
fulcrum of the lever while the other end is attached to apin on the lever 100 mm from the fulcrum. If
the effort applied to the end of the lever is 2 kN and the coefficient of friction is 0.25, find the
maximum braking torque on the drum. [Ans. 4.2 kN-m]
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A differential band brake acting on the 3/4 th of the circumference of adrum of 450 mm diameter, is
to provide a braking torque of 225 N-m. One end of the band is attached to a pin 100 mm from the
fulcrum of the lever and the other end to another pin 25 mm from the fulcrum on the other side of it
where the operating forceis also acting. If the operating force is applied at 500 mm from the fulcrum
and the coefficient of friction is 0.25, find the two values of the operating force corresponding to two
directions of rotation of the drum. [Ans. 16.6 N for clockwise; 266.6 N for anticlockwise]

A differential band brakeis shownin Fig. 19.42. The diameter of the drum is800 mm. The coefficient
of friction between the band and the drum is 0.3 and the angle of embrace is 240°.

(r

P=600N

T <0

¥
o S 1200 ~|

Fig. 19.42 Fig. 19.43

When aforce of 600 N is applied at the free end of the lever, find for clockwise and anticlockwise
rotation of the drum: 1. the maximum and minimum forces in the band ; and 2. the torque which can
be applied by the brake. [Ans. 176 kN, 50 kN, 50.4 KN-m ; 6.46 kN, 1.835 kN, 1.85 kN-m]

A differential band brake is shown in Fig. 19.43. The diameter of the drum is 1 metre and rotates at
1200 r.p.m. in the anticlockwise direction. The angle of contact is 320°. The various lengths are :
OA =30mm; AB =150 mm and OC = 700 mm. Find the pull
required at the end C of alever to absorb 40 kW. Also find the
length of AB for self locking. The coefficient of friction may
be taken as 0.2. [Ans. 25.7 N ; 91.8 mm]

In aband and block brake, the band is lined with 14 blocks,
each of which subtends an angle of 20° at the drum centre.
One end of the band is attached to the fulcrum of the brake
lever and the other to apin 150 mm from the fulcrum. Find the
force required at the end of the lever 1 metre long from the
fulcrumto give atorque of 4 KN-m. The diameter of the brake
drum is 1 metre and the coefficient of friction between the
blocks and the drum is 0.25. [Ans. 1712 N] All dimensionsin mm.

Fig. 19.44 shows the particulars of two brake shoes which act Fig. 19.44
ontheinternal surfaceof acylindrical brakedrum. Thebraking
forces F, and F, are applied as shown, and each shoe pivots on its fixed fulcrum O, and O,,.

Thewidth of the brake lining is 35 mm. Theintensity of pressure at any point A is0.4sin @ N/mm?,

where 0 is measured as shown from either pivot. The coefficient of friction is 0.4. Determine the
braking torque and the magnitude of the forces F, and F,. [Ans. 373 N-m ; 685 N, 2323 N]

A lorry ismoving on alevel road at a speed of 36 km/h. Its centre of gravity liesat adistance of 0.6 m
from the ground level. The wheel base is 2.4 metres and the distance of C.G. from the rear wheelsis
0.9 m. Find the distance travelled by the car before coming to rest when brakes are applied,
(@) totherear wheels, (b) to the front wheels, and (c) to al the four wheels.
The coefficient of friction between the tyres and the road surfaceis 0.45.
[Ans. 21.55 m; 26.82 m; 11.36 m]
A torsion dynamometer isfitted on aturbine shaft to measure the angle of twist. It isobserved that the
shaft twists 1.5° in alength of 5 metres at 500 r.p.m. The shaft is solid and has a diameter of 200 mm.
If the modulus of rigidity for the shaft material is 85 GPa, find the power transmitted by the turbine.
[Ans. 3662 kW]
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DO YOU KNOW ?

Distinguish between brakes and dynamometers.
Discuss the various types of the brakes.
Show that, in a band and block brake, the ratio of the maximum and minimum tensions in the brake
strapsis
To _ O+ pten o'
Th %— ptan GE
where Ty = Maximum tension,
T,, = Minimum tension
W= Coefficient of friction between the blocks and drum, and
20 = Angle subtended by each block at the centre of the drum.
Describe with the help of a neat sketch the principles of operation of an internal expanding shoe.
Derive the expression for the braking torque.
What are the leading and trailing shoes of an internal expanding shoe brake ?
What is the difference between absorption and transmission dynamometers ? What are torsion dyna-
mometers ?
Describe the construction and operation of a prony brake or rope brake absorption dynamometer.
Describe with sketches one form of torsion dynamometer and explain with detail the calculations
involved in finding the power transmitted.
Explain with neat sketches the Bevis-Gibson flash light dynamometer.

OBJECTIVE TYPE QUESTIONS

The brakes commonly used in railway trainsis
(@) shoe brake (b) band brake
(c) band and block brake (d) internal expanding brake
The brake commonly used in motor carsis
(@) shoe brake (b) band brake
(c) band and block brake (d) internal
expanding brake A P
In adifferential band brake, asshownin Fig. 19.45, thelength T, O B
OA isgreater than OB. In order to apply the brake, the force P \ C
at C should —\t
(@) bezero (b) act in upward direction
(c) actin downward direction o
For the brake to be self locking, the force P at C as shown in
Fig. 19.45, should
(a) be zero Fig. 19.45
(b) act in upward direction
(c) actin downward direction
When brakes are applied to all the four wheels of amoving car, the distance travelled by the car before
it is brought to rest, will be

(8 maximum (b) minimum
Which of the following is an absorption type dynamometer ?

(@) prony brake dynamometer (b) rope brake dynamometer

(c) epicyclic-train dynamometer (d) torsion dynamometer

ANSWERS

1 (a 2. (d) 3 (9 4. (a) 5. (b 6. (@), (b)

o FIRST
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